Gas-liquid chromatographic (GLC) methods were developed for the determination of 3-phenoxybenzyl dl-cis,trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylate (S-3151, permethrin or Exmin _??_), its geometrical and optical isomers and its impurities. dl-Trans and dl-cis isomers were separated from each other on a 2%. LAC-2R-446 column and determined by using dioctyl phthalate as an internal standard, and the overall content of S-3151 was obtained by the sum of them. Optical isomers, namely, d-cis, l-cis, d-trans and l-trans forms were hydrolysed to the corresponding acids , which were derivatized to the dia stereoisomer esters with d-or l-2-octanol and separated from one another on a 10% silicone DC QF-1 column. The optical isomer ratios were determined by the peak area ratios. The impurities of S-3151 were identified by mass spectrometer combined with GLC on a 2 PEG-20 M column and they were determined by programmed temperature GLC.
rations of S-3151 as well as its overall chemical content.
In the present investigation, analytical me thods were studied for the determination of S-3151 isomers by gas-liquid chromatography (GLC). dl-Trans and dl-cis isomers of S-3151 were separated from each other on the column of LAC-2R-446. The overall chemical con tent of technical S-3151 preparations was determined by the sum of the two geometrical isomers using dioctyl phthalate as an internal standard, and the composition of dl-trans and dl-cis isomers was determined by the two peak ratio. On the other hand, to separate the optical isomers, S-3151 preparations were hy drolysed to the corresponding DCPI, which was derivatized to the diastereoisomer esters with d-or 1-2-octanol, and separated from one another on the column of QF-1 as in the case of chrysanthemumic acid esters already re ported.10) Hence, the optical isomer compositions of S-3151 could be determined by peak area ratios of the chromatogram.
In addition, most of the impurities in the technical preparations of S-3151 were identified by mass spectrometry combined with GLC and their contents were determined using pro grammed temperature GLC. Determination of geometric isomers Using the peak areas of dl-cis and dl-trans S-3151, which were obtained in the determination of S-3151, calculate the isomer compositions of the sample as follows;
where, Ac and At are the peak areas of dl-cis and dl trans isomers, respectively.
Determination of optical isomers
Weigh about 20mg of sample, add 5ml of methanol and dissolve. Add ) ; programmed column temperature range, 50 to 230°C at 5°C/min; injection port temperature, 250°C; detector temperature, 250°C; carrier gas, nitrogen, 40 ml/min; air, 1.2 liter/min; hydrogen, 40 ml/min; sensitivity x attenuation, 10 x I and 10 x 4.
RESULTS AND DISCUSSION
To find appropriate GLC conditions for the separation and determination of S-3151 isomers, Chromosorb W (AW, DMCS, 60 80 mesh) was coated with silicone XE-60, SE-30, OV-1, OV-17, QF-1, free fatty acid phase (FFAP), diethylene glycol succinate polyester (DEGS) and LAC-2R-446. The dl-cis and dl-trans isomers of S-3151 were partially separated from each other on a number of the columns tested. The dl-cis isomer was eluted before the dl-trans isomer. However, it was difficult to resolve S-3151 isomers as distinct symmetric peaks on a chromatogram. The GLC separation of the geometrical isomers of S-3151 was better on the column of LAC-2R-446 than on the other columns and that was good enough to calculate the peak areas of the two isomers. Moreover, they were separated from the impurities, and therefore this column was chosen as the column for the determination of geometrical isomers of S-3151. Since an FID detector exhibited essentially the same molar sensitivity to both isomers as shown in Table I , each of the isomers of S-3151 ( The impurities of S-3151 were also separated from S-3151 and from one another on the column of PEG-20 M by programmed tem perature GLC and they were identified by mass spectrometry combined with GLC and by comparing their retention times with those of authentic samples in GLC. The main im purities were found to be ethyl dl-cis,trans-3-(2, 2-dichlorovinyl)-2, 2-dimethylcyclopropane-1-carboxylate (DCPE), 3-phenoxytoluene (MTOP), 4-phenoxybenzyl dl-cis,trans-3-(2,2-dichlorovinyl)-2, 2-dimethylcyclopropane-1-carboxylate (p-S-3151), 6-bromo-3-phenoxybenzyl dl-cis,trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-l-carboxylate (PHBR) and so on, which were produced in the process of the preparation of S-3151, and the geometrical isomers of DCPE and PHBR were separated from each other. Figure 4 shows a gas chro- (1) Xylene,
3-phenoxybenzyl alcohol(POA), matogram of S-3151. Table II gives the re sponse factors of the main impurities relative to S-3151 in GLC. The response factors of the components were practically equal to that of S-3151 and each of the impurities in the S-3151 preparations could be determined by multiplying the ratio of its peak area to the combined peak area of S-3151 isomers (dl-cis a) The same abbreviations were used for the com ponents as in Fig. 4 . a) The same abbreviations were used for the com ponents as in Fig. 4 . b) Coefficient of variation , 0.60% (n=10). plus dl-trans) by the overall chemical content of S-3151. Table III gives the analytical re sults of technical preparations of S-3151. The overall content of S-3151 was in the range of 91.4 to 93,2% with the coefficient of variation being 0.60%. The dl-trans/dl-cis isomer ratio was in the range of 53.4/46.6 to 62.6/37.4. Table IV gives the analytical results of some samples of optically active S-3151 preparations. Determination of S-3151 in formulations was also investigated. Table V gives the analytical results of emulsifiable concentrates of S-3151, which indicate that S-3151 in formulations could be accurately determined by the same procedure as the technical preparations of 
